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FIG. 7

. 2200.1a
Transmission signal Modulated signasl
4 a1
i 10
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FIG. 8
L2200.2a
Transmission signal Modulated signal
00 {0} 0111
a1 (1) 1011
10 {2} 1101
11 {(3) 1110
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FIG. 9
220032
Transmission signal Modulated signal
BO0 (D) 1111111
001 {13 16111111
010 (2) 11011111
011 {3 11101111
100 {43 11110111
101 (5) 11111011
110 {6) 11111101
111 (7)) 11111110
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FiG. 10
-2200.4a
Transmission signal Modulated signal
00 (0} 1000
01 (1) 2100
10 {2} 0010
11 {(3) 001
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22080
/

Data unit

FIG. 17

22093
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FIG. 22

L 22043

?
!
i
!

Column in which light emitting
unit is captured most

Pixel detecting light emission
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FIG. 23

Midpoint of captured part of light
ernitting unit in exposure ling
22053

Line approximating midpoints

. pixel detecting light emission
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FIG. 33
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FI1G. 34

23063

Light emitting
unit ,
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FIG. 35

Diffusion plate
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FI1G. 38
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FIG. 41
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FIG. 42
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FIG. 45
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FIG. 47
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FI1G. 51

¥ 28008

<¢s plurality of imaging N

devites in recepiion éev%s:e?;/ ‘l" 2800b
¥ Eii*zts?c: imaging device @ be ysed
. I
e
M/‘gs{}aﬁ

Set sxposure time {= shutter spead), which
is desirably shorter

. ¥ ey 2800
Seb exposurs gain
¥ 28008

Capture image

Y

Determine, for each expogure ling, part having at isast - 2800f
pradetgrmingd number of consecutive pixels whose luminancg
pxceatds predetarmingd threshold, and calcoiate contar positiny of part
¥ ~&800yg
Calculate linear or quadratic approximate ling connacting center positions
y :
: 2800k

Bet luminance of pixel on approximate Bos io ach axposure ling, a5 signal
value of exposure fine

% - 2800
..~j

Catouiste assigned time per exposure ling from Imaging infwmation including
imaging frame rate, resolution, Manking tme, and the ke
Detarming that axposure line fallowing last expozure fine of pne frame is 1.~ 2B00]
first mipasirs Hne of next frame i the case where anking time s less
than or squs to predetermined tinme, and determine that onobserviable
exposure Hnes ax many a3 number obtained by dividing blanking tme by
assigned fime per sxposurs ine are prasent betwear jast exposure iine of

one frama and first exposure Hng of nexd frame in the case whers blanking
time is greater than pradetarmined time

’
.~2800K

Read referencs position pattern and addresas pattarm from decaded information

g‘ . . o e Ese{}m
Detect pattern Indicating referance position of sigral from signal value
of each exposure fine

¥ 28000
Caloudate data undh and addrass unit based on detected refarente position

% Mf"ggi}{}p
E{}btam transnission signal 1

end
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FIG. 52

start

¥ ¥

Set poSIton recogmized A% CUITENt POSILON Of FECapHion GEvine Oof - 20013
current position probabifity map, as seif-position prior information

¥

Paint imaging unit of reception device to light emitting 2801
unit of transmission device

¥

.w""'zgg }«{:
Calculate pointing direction and elevation angle of imaging device,
from sensor values of scoslerometer, gyroseope, and magnetic sensor
. . - s y e s .~ 28014
Capture image of light svission pattermn and obtain transmission signal

Catculate distance between imaging device and light emitting unit, 2801
from information of size snd shape of iit%mt snitting unit incladed in
transmission signal, size of captured light emitting unit, and imaging
magnification factor of imaging device

¥
Calculate refative angle between direction from imaging unit to -~ 2801F
Hght emittivg unit and normat line of imaging plansg, from position
of light emitting unit in captured image and lens characteristics

\} ~2801
Catoulate refative position refation between imaging device and light |7 g
emitting unit, frony hitherto calculated values
Calcutate positicon of recaption device from position of ight emitting
ustit included in ransmizsion signat and relative position relation
between imaging device and Hght emithing unit, Note thet, when a
pluraiity of transmission devices can be observed, position of reaception
device can be calculated with bgh accuracy by calculating coordinates
of imaging device from signal included in each ransmizsion device.

when a pluradity of trensmission devices can be observed,
trignguiation is applicabls,

ij‘f@riam current position or current position probability map 2801t
of recaption device, from self-position prior information and
calculation result of position of reception device

2801h

B A—
Move immaging device
¥
. , e ey oot , , ..~ 2801k
Caloulate moving direction and distance from sensor valugs
of accelsrometer, gyroscope, and magnetic sensor
s 2801m

Calculate moving direction ard distance from captured irsage
and orfentation of imaging device

E
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FIG. 53

Y 28023

Press button by user
Cause light emitting unit to emit light, where
signal may he expressed by light emission pattemn

: s ¢ , , - 2802¢
Record light emission start time and end time |

and time of transmission of specific pattern

_2802b

v - 2802d
Capture image by imaging device

‘]f - 2802¢
Capture imags of light emission pattern of transmission
device presant in captured image, and obtain
transmitted signal, whers ight smission pattern may
be synchronously analyzed using recorded tims

enl
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FIG. 54

¥ 2803a

Receive Bght by light recaiving device or g
captura image by imaging device

v _2803b
< Spedific pattern? ;N
! ‘3' 2803c
/,,/

Record start time and end time of light reception or
image capture of reception pattern and time of
appearance of specific pattern

4’ 28034

Read transmission signal from storage unit and
convert transmission signal to Hght emission pattern

‘i .2803e
Cause Hght emitting unit to emit Hight according to light 7
amission pattern, where light emission may be started
after predetermined period from recorded time

g
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FIG. 55

Recaive light by light recsiving device, convert
received light ensrgy to electricity, and accumuiate
converted energy

__-2804a

A

¥ L 2804b

Accumuiated energy greater than "
or equal to predetermined amount? 7'y

Yy

- 2804¢
Analyze received light and record time of appearance of |7
specific pattern
o X \L \ - 2804d
Read transmission signal from storage unit and
convert transmission signal to ight emission pattern
‘b .- 2804e

Cause light emitting unit to emit light according to light
emission pattern, where lght emission may be started
after predetermined perind from recorded time
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FIG. 61
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FIG. 69
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FIG. 72
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FIG. 91
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FIG. 92

6001b

a0

wﬁiﬁqu:wwmmwwww




U.S. Patent Oct. 4, 2016 Sheet 101 of 536 US 9,462,173 B2

FIG. 93

e @10

6100




US 9,462,173 B2

Sheet 102 of 536

Oct. 4, 2016

U.S. Patent

FIG. 94

H
i
H
i

§
6202 6100




U.S. Patent Oct. 4, 2016 Sheet 103 of 536 US 9,462,173 B2

FIG. 95
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FIG. 99
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FIG. 100
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FI1G. 120
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FIG, 121
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FIG. 127
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FIG, 128
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FIG. 129

B

{ 510023

User activates appiication for obtaining
Hght blink information of smartphone

¥ - 51002b

image oblaining portion obtains blinks of light
Blinking area determination unit delermings
blinking area from time series change of image

\L -~ 51002¢

Blink information oblaining unit determines
blink pattern of blinking area, and wails for
detaction of preambie

%

\i« - 51002d
If preamidle is successfully detected, information | N §
o the blinking arga is obtained R

b4 ~51002e

If information on device 1D is successfully ohiained,
also in reception continuing state, information is
transmitted to server of coud computing system, and
information interpolation unit performs interpolation
white comparing information acquired from cloud
computing system o information obtained by blink
information obiaining unit

v - $1002f

When all information induding information as result
of irterpolation is oblained, smartphone or user 5 notified
At this time, GUI and related site acquired from cloud
computing system are digplaved, thereby allowing o
notitication to include more information and be readily

ynderstood
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FIG. 131

S1004a

Serviceman presses setting button of
hisfher receiving terminal if performance
thersof allows detection of hlinking at
high speed {e.g., 1000 times/s)

Note that processing regarding
light blinking portion does not
depend on whether NFC
function is provided

¥ -S10040

LED of home electric appliance blinks in
high speed mode
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FIG. 132
G
¢ ~51005a
Blinking is continued
\L ~S1005%0
User obtaing LED blink

information, using
smartphone

‘b -~ 51005¢
User activates application for obtaining
Hght blinking information of smartphone

\L —~51005d
Image obtaining portion obtains blinking of light

Blinking area determination unit determinegs
blinking area, froms time serigs change iy image

v _-51005¢

Blink information obtaining unit determines
blink pattern of blinking area, and waits for
detection of preamble
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if preambie is successfully detected,
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If information on device I is successfully obtained, also in
reception continuing state, information is transmitted to server
of cloud computing system, and Information interpolation unit
performs interpolation while comparing information acquired
from coud computing systern with information obiained by
blink Information obtalning unit

¥ _.51005h

when all information including information as result of
interpolation is oblained, smartphone or user s notified {at
this time, GUI and related site agquired from doud computing
system are displayed, thereby allowing notification o indlude
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FIG. 134
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FIG. 135
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FIG. 136
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FIG. 137
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FIG. 159
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FiG. 211

71048

Store 1D of transmitter and information to be provided (o receiver recelving 10, in
server in association with each other. Infarmation to be provided to receiver may
inchide information such as store name, product name, map information to store,
avaiiability Information, coupon Information, stock count of product, show time of
movie or play, reservation information, and URL of server for reservation or
purchase, Store position relation of infermation displayed on transmitter in server

71045
Trangmitter such as signage
transmits 1D
7104¢
Point camers of receiver to
transmitter and receive ID
71044
Recsiver transmits received 1D to server, and
abtains information associated with ID
7104e
Receiver displays information stored in server as
information to be displayed on receiver
fl%f
tiser performs flick aperation
on receiver
?194@

Recsiver changes display in same position relation as information
displayed on trangmitier, according to user operation. For
example, in the case where user flicks left scraen to display
information on right side of currently displayed information,
infarmation displayed on transmitter on right side of information
currently displayed on receiver is displayed on receiver

/

=
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FiG, 213

{&:»iart }
N

b o

Store 1D of transmitter and information to be provided to
receiver receiving 1D, in sarver in assogciation with each other.
Information o be provided o receiver may include information
such as stare name, product name, map information to storg,
availability information, coupon information, stock count of
product, show time of movig or play, reservation information,
and URL of server for reservation or purchase., Store position
relation of information displayed on transmifler in server

7105b

7105a

-

Transmitier such as signage
transmits 1D

e

Poind camera of receiver o
teansmitter and receive ID

71054
Recelver transmits received (D to server, and
obtains information associated with 1D
?1@3&
Receiver displays information stored in server as
information to be displayed on receiver
7105f
User taps edge of screen displayed on receiver or up,
down, left, or right direction indicator displayed on
receiver
7105¢g

Receiver changes display in same position relation as
information displeyed on transmitter, according to user
operation. For example, in the case where user taps right
edge of screen or right direction indicator on screen
information displayed on transmitter on right side of
information currently displayed on receiver is displayed
an receiver

87
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FIG. 215

i start i
ot Z106a

Store ID of transmitter and information {0 be provided to recsiver
recaeiving 1D, in server in associabion with sach other, Information to
he provided to receiver may include information such as size of light
emitting unit as transmitter, distance between light emitting units,
shape and weight of obiect including transmitter, identification
number such as vehicle identification number, state of area not
easily phservable from receiver, and presence/absence of danger

71060

Transmitter transmits 1D, Transmission information may include URL
of server and information to be stored in server

7106¢
Receiver receives transmitted
information such as 1D
710464
Receiver obtaing information associated
with received 1D from server
7108¢e
Receiver displays received information and
information ahtained from server
71061

PRt

Receiver calculates distance between receiver and light emitting
unit by triangulation, from information of size of light emitting
unit and apparent size of captured light emitting unit or from
information of distance betwaen light emitting units and
distance between captured light emitting units

7108g

e
o

Receiver issues warning of danger or the like, based on
information such as state of arga not easily observable from
receiver and presence/absance of danger
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Fia, 217

{ start §

71078

e

number, identification number of user of transmitter, and payment
information

Stors 1D of transmitter and information to be provided Lo receiver recaiving
10, in sarver i association with sach other, Information 1o be provided o
receiver may include information such as shape and weight of obiect
including ransmitber, identification number such as vehicle identification

7107b

-

e e
e

include URL of server and informalion to be stored in server

In-vehicle transmitter ransmits D, Transmission information may

Receiver in parking lot transmits received information
o parking lob management server

7107¢
U0

-

Rarking lot management server oblaing information
associated with ID of transmitter using ID as key

avaiiability of parking lot -

Parking lot mamgémam server chacks w}’w?a

Transmitter-receiver in ;}arking iot transmits whether or not
parking is permitted, parking position information, or address

of servar holding these information, or parking ot

managaemaeant server ransmits these information to another

SErver

In-vehicle receiver receives transmitted information, or

server

in-wehicle systam obtains these information from another |

Parking ot managemsnt server Controls arking ot to
facilitate parking. For exampig, parking iot management
server controls muiti-level parking fot

'
i
"

Transmitisr-raceiver i parking ot transmits ID

710H

In-vehicle receiver inguires of parking lot ,
management server based on user information
of in~vehicle recpiver and raceived D

according to parking time and the like

Parking ot management server charges for parkingy™™™

216?};

71074

2107m

rouiti-level parking ot

Parking ot management server coz}t%oi&s garking ot to faciitate access o
parked vehicle. For exampla, parking ot managemaent server controls

Recelver displays map to parking position,
and navigates from aurant position

7107n
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FIG, 219

] “? 108a

Store ID of transmitter and information to be provided 1o receiver
receiving 1D, in server in associztion with sach other, Information o
be provided to receiver may include information such as store name,
product name, map information to store, availability information,
coupoen information, stock count of product, show time of movie or
play, reservation information, and URL of server for reservation

o purchase
: : E - - 7i08L
Transmitter such ag signage transmits I oo’
3 - | - - , 7108
Paint camera of receiver to transmitter and receive 1D |’
E gwss
Receiver transmits received 1D to server, and stores
information assoclated with ID In receiver
E 71088
Recelver stores terminal ID and user 1D in server Lo
, E 7108f
Recetver displays information stored in gerver a8 e
information to be displaved on recebver
| 7i08g
Recaiver displays route from current
position o store or sales floor

E 21‘88?&

Receiver oblaing information from server according 1o need, and
updates and displays availahility information or reservation information

7108
I
Receiver displays button for reserving
or ordering seat or product
7108]
User taps reserve button or order
button displayed on receiver
7108k
Recebver transmits information of reservation or order
to server for managing reservation or order
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FIG. 222

;‘M
i start
S
71094

e

Store 1D of transmitter and information to be provided to receiver
receiving 1D, in server In association with sach other, Information
to be provided to receiver may indude information of position and
shape of transmitter

/‘m.,,.../' ?189&3
Transmitter such as ceiling
fighting transmits ID 7108¢
User ;:ziaces\ recgiver on
table or the like 71094

=

Recelver recognizes placement of receiver on table or the like from
information of gyroscope, magnetic sensor, or accelerometer, and starls
reception process. Recelver identifies upward fading camers from
upward direction of accelerometer, and receives 1D using camera

Raceiver transmits received ID to server, and stores LFI0NE
information associated with ID in receiver - '
e’ 7108
Racetver estimates position
Recsiver transmits position of receiver to
store management server
a9 \ 7109;
Store management server specifies seat of
table on which receiver is placed
\ 7109

Store management server transmits
seat number to recsiver
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FlG. 224

start }

%,

US 9,462,173 B2

7110a

-
e

with pasitio

Store position of electronic device in server. 1D, moded, function,
and operation interface information {screan, npul/output voice,
interaciive model) of slarironic device mey be stored In assaciation

i information

?/?.13\0?}

JUOSR

Stere 1D of transmitter and information to be provided 1o redelver redeiving
10, in server in asseciation with sach other. Information to be provided o
receiver may include information of pasition and shape of transmitter

Transmitter such as celling lighting transmits ID

T

Point camers of receiver 1o transmitter and receive 1D

Receiver transmits receivad ID W server, and stores
information associated with ID in receiver

'Zii{}‘f

Recefver gstimates position of receiver

User places receiver at slectronic device

711Gy

e

Recelver racognizes that receiver s stationary from
information of gyrostope, magnetit sensor, or
accelersmeater, and starts following process

71108

Receiver estimates self-pusition by sbove-mantionad
methed In the case where at least predetermined time
has elapsed from last estimation of position of receiver

7110i

Lo

-

and astima

Recelver sstimates movemant from last seif-position estimation
from information of gyroscope, magnetic sensor, or acceleromater,

tas current position

7110

gy

7110k

Current

Racedver obiaing informabion of electronic devicg nearsst

position, from sarver

R

?'}wm

L i

Hecgiver of

‘i

- abtains information of glectronic device from glectronic
avice via Blustooth or Wi-FL, or obtaing information of slectronig
ovice stored i server

Receiver displays information of
electronic device

7110n

Receiver recsives input 83 operstion mrminat
of electronic device

F1ii0p
} 7110

Receiver transmils operation information of aledronic device to
electronic device vig Blustooth or Wi-F, or via sarver
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7012

FIG. 225
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FIG, 226

{ shary %

Zfliia

i

of slactronic device

Store 1D of transmitter and information to be provided to receiver
recetving I3, in server it association with gach other, Information 10
be provided to recelver may include I, modsei, function, and operation
interface Information {(screen, input/outpul voice, interactive model)

71iib

e

P

device transmits 1D

Transmitberincliuded in slectronie device or associated with slectronic

7111c

PR
-

and receive ID

Point camera of receiver 1o ransmitier

71iid

-

associated with ID in regsiver

Bacelver transmils recebvad ID I server, and stores information

Jiile

o

using regeived Y as key

Recsiver phtsins information of slectronic device from server

L TLAf

device stored i server

Recelver abltains information of electronic device from electronic
device via Bluetooth or WIHFL or obtaing information of electronic

e 733G
Receiver displays information of
slectronic devics ?iiih

s

elactronic device

Recgiver receives npul as operation terminat of

7314

Receiver transmits operation information of electronic device to
slactronic device vig Biystooth or Wi-Fi, or via server
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FIG. 228

(se)

User inputs destination
1o racaiver

71ida

User points recaivar to light {ransmitter).

light if he or she is capable of recognizing
intense light

e

Receiver receives signal
supsrimposed on light

Receiver obtains information from server using
received signal as key

Rt

7112¢

Even visually Iimpaired user can point recelver to |

US 9,462,173 B2

3’1 13

41i2d

s

71ide

Receiver oblaing map from current position to
dastination from servar

7112¢f

Recelver displays map and navigates from
current position to destination
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FlG, 249

Face camera




U.S. Patent Oct. 4, 2016 Sheet 240 of 536 US 9,462,173 B2

FIG. 230

Wi ——

Imaging direction of face )
Mamefa {pvard at g}f&ﬁ@tes‘mmeﬁ\ N

angle oy more with groung
\ FseormaE gt
%
Start recaption by face camera, or N_.__,,,?“*’b
asgsign higher priority to reception |
process by face camera
71134
7113¢ R4 o
—a End reception by face camera, or
predetermined » assign lower priority to recaption
time elapsed process by face camers
o,
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FIG, 231
Qut camera
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FIG. 232

7114a
¥ imaging direction of out \
camera at predetermined \ N
Y angle or less with /
\ground plane? F,
o 7114b

PRy

Start reception by out camers, or !
assign higher priority 1o reception
process by out camera

3’214{3
:‘? 114 N —
~ = End reception by out camera, or
Pradetermined »i a5sign lower priority 10 reception

process by out camers

time elapsed
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FIG. 234

{ start |

T 71153
Receiver moved, and angle \
hetwean rmoving direction and §

imaging diraction of out cazm&ra? N

upon end of movement
\predetermiszed angle or less? /

7115b
Start reception by out camers, orp—"
assign higher priority to
reception process by out camera

/?115{3

711%c .
End reception by out camers, or
assign towear priority o regeption
process by out camera

-~

Predeterminad
time elapsed
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FIG. 236

0 o

y Dizplay operation or w o
~{  Specific button press -
' parformed?

Start reception by camera

by camera

carresponding to display operation
or specific button press, or assign
higher priority o reception process

71150

it

e

7115

N s

7115k

v

Predetermined
time elapsed

End reception by camers
carrasponding to display operation or
specific button presg, or agsign fower
priovity W reception process by
cambra

&



U.S. Patent Oct. 4, 2016 Sheet 247 of 536 US 9,462,173 B2

FIG., 237
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FIG. 238

(52
start )
7il6a

«""‘

e

Imaging divection of face \
&

carmera upward at

»( predetermined angle o mor
ws‘th grourd plang, and receiver »
transiated at Qmeﬁeterm;mz}
angle or less with ground

Y

plane?

Start rece
assign hig

g ior by face camera, or 7116b
ar prioriky to reception Lo
process by face camera

o
e

o

7116c

US 9,462,173 B2

71164

-

e
-

Predetermined
time elapsed

» assign lower priority o
process by face camera

Engd reception by face camera, or

reception
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2021b

FIG, 241

Recorder
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F1G. 245

L)

7iiva
Transmitter included in TV or recorder obtains, from
sarver, infonmation 1o e provided {o receiver as
information relating to currently broadcasted program

71176

Transmitter tranamits signal by 3&:@&?%9%1;’;@ gignatl on
backl ?ht of display. Transmission signal may include
URL of transmitter, 851D of transmitter, and password
for accessing transmitter

and
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FIG. 246

F1ida
Recsiver receives information from display
7118b
¥ e
M " e ‘ ¥
¢ Currently viewad channel information
"\if:‘:ﬂiu{iﬁﬁ in recetesd information?
7ii8c
4 P
Obtain currently
viewed channel
information from
electronic device
having 1D included in
received information .
71i8g

Obtain nformation reiated to cwrrently viewed
sereen from server. TV or recorder may act as
seryer

23, 18e&

Reveiver dispdayvs information
obtained from server

FL18F

Recelver adjusts display based on user profile stored in
receiver or server, For example, receiver performs control
such as changing font size, hiding age~-restricted content,
or preferentially displaying content assumead 1o be preferred
from user’s past behavior

(ons)
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FIG. 247

7119a

R

o

Recorder obtains information related to program from server and
stores information, when recording program. In the case where
related information changes with time, recorder also stores time

7118b

e

Recorder transmits stored information to display, whean
reproducing recorded image.  Access information (URL or
password} of server in stored information may be replaced
with access information of display

?3196

Recorder transmits stored information to
receiver, when reproducing recorded image.
Access information (URL or password) of server
in stored information may be replaced with
access information of recorder

s
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FIG. 249

o]

7120a

Receiver observes luminance of light
srriitted from transmitter

7120b

o

R

Measure time from rapid rise in luminance 1o next rapid rise
in luminance, or measure time from rapid fall in
fuminance to next rapid fall in luminance

R

Recognize signal value according to time. For example,
recognize M0 in the case where time is less than or
equal to 300 microseconds, and *1” in the case where
time is greater than or equal 10 300 microseconds

o)
éi)N

t

e
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Time

FIG. 250

7025z

Luminances
A
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FIG. 251

Receiver observeas luminancs of light
emitted from transmitter

7121b

o
ROV

o

Determine minimum valug of time width
of rapid change in luminance

?12§c

Search for luminance change width
that is not integral multiple of
minimum value

7121¢

e

Analyze signal, with luminance change width that is
not integral multiple as starting point

?iZi&

L

Calculate time width between parts
having luminance change width that
is not integral mulitiple
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» Time

FIG. 252
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FIG. 253

1

start |

o~

{

§

3,
o

7145a

b e -

Turn current ONJOFF with time width sufficiently shorter than
exposure time of recelver, when luminance or current for
controfling luminance falls below predetermined value. This
returns current to initial value, 30 that luminance decreass of
light emitting unit can be prevented

7125b

e

e

Turn currant ON/OFF with time width sufficiently shorter
than exposure time of receiver, when luminance or current
for controlling luminance exceeds predetermined value,
This returns current to initial value, so that luminance
increasse of Hght emitting unit can be pravented

o)
Nomnmnnmnns
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FIG. 255

{gﬁffj

e

s

Recelver observes luminance of light
armitted from transmitter

Determing minimum value of Hme width
of rapid change in luminance

R

Recognize mirdmum valug as
carrier frequency

s

Obtain information from server using carrier
frequency as key

B
pou
po

US 9,462,173 B2

Fi22a

71225

SV

7122¢

71224
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FIG. 256
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FIG, 261
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FIG. 263
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F1G. 266
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FIG. 270
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FIG. 271
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FIG. 275

(start )

1D golution server stores ID of transmitier

and method of communication between o
transmitter control device and receiver in
association with each other

Recejver receives 1D of transmitter, and obtains .-
method of communication with transmitter
control device from 1D solution server

/ * . 7136&¢
M{ Receiver and transmitter (™

Fi cantrol device directly
%mzmmunis:ai:}%e?
| 7136e
7136d v J—
. oy Communicate
Communicate via directly
relay server

@:?‘i@



US 9,462,173 B2

Oct. 4, 2016 Sheet 286 of 536

U.S. Patent

BIIABD BHAOW

ANADD BICIS

PN ARIASHT  borderreebe w jun Buibeiug

j6c0L PEEOL
JBABOY . JEYIUSURI L

2604 O6E0L

BEEOL
Janien
Beens
QLE D14




U.S. Patent Oct. 4, 2016 Sheet 287 of 536 US 9,462,173 B2
FIG, 277
{ctmer )
[ start |
\Mﬁrmf 7137a

P

Mobite device displays information on display unit
in 2D barcode or the like

71370

e

Store device captures information displayed on display
unit by imaging unit, to obtain information

7137¢

Store device transmits information from
transmitter

7137d

e

Mobile device recelves transmitted
information by receiver

Muobile device changes display on display unit based on
received information. Information displayed on display
untt may be determined by mobile device, or determined
by server based on recelved information

7137e

.

Store device captures mﬁ:}r}mmn displayed on display
unit by imaging unit, to obtain information

Store device determines consistency betwaen obtained
information and traﬁs;mxttegﬁ information. Determtination
may be made by store device or by server

Transaction completed successfully in the
case where gbtained information and
transmitted information are consistent

. 7437h



U.S. Patent Oct. 4, 2016 Sheet 288 of 536 US 9,462,173 B2

FIG. 278
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FIG. 279
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FIG. 285
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FIG. 288
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FIG. 289
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FIG, 292
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FIG. 311A

( stﬁit)
S

4

Change to rolling shutter mode in the case
where imaging mode is global shutter mode

?3%0&

73400

o

Set shutter speed so that bright line is captured
when capturing subject whose moving average
luminance in time width greater than or equal to 5
milliseconds is unchanged and that changes in
luminance in region less than or gqual to 5

mifliseconds
e 7 340C
Set sensitivity of light receiving elament to
increase difference between bright part and
dark part of bright line
73404

e e

Set éma?ing mode o macroe imaging muode, or set shorter focal
length than focusing on transmitter. Capturing transmitter in
larger size in biurred state enables increase in number of exposure
fires in which bright line is captured

s 73408

Observe change in luminance of bright line
in direction perpendicular to exposure line

7340f

Calculate interval betwesn parts of rapid rise in luminance or
interval between parts of rapid fall in luminance and read
transmission signal from interval, or calculate period of
luminance change and read transmission signal from period
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F1G. 313

@ar‘t §
e

73508

Enter signal
fransmission mode

73508

k. i

Transmit signal by changing luminance of backlight in
information display area

S

and
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FlG. 315

Enter signal
transmission mode

351b
k.4 Jes——g
Transmit signal only from part where backlight is ON in the
case where backlght is turned OFF upon screen change for
improved dynamic resolution

¥ e
Transmil ng signat whan backlight is OFF in entire streen

(end)
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FIG, 317

{start)
A

4 e
Enter signal
transmission mode

73523

73520
¥ _‘,.w--w*'*
Turny OFF backlight control for improved dynamic
resolution in part (7302b, 7302e, 7302g, 72043 of
soreen and transmit signal from part
7352h
3 o

Adjust average luminance of backlight so that brightness of part
transmitting signal is equal to average luminance of backlight in part
transmitting no signal. Adjustment may be made by adjusting time
ratio of blinking of backlight during signal transmission or by adjusting
maximum luminance of backlight

h
=
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FIG, 319

¥ 7353a
Store 1D of transmitter, information {(SSID, password, 1D of | .
wireless access point, radio frequency, pasition information
of access point, connectable position information, elc.) of
wiredess avcess point, and information {IP address, et¢.) of
control device in ID management server in association
with each other

(73530

Transmitter transmits 1D of transmitter, Transmitter may also transmit
information of wireless access point and information of control device
7353¢
; el
Receiver recelves [D of transmitier and obtains information of wireless

access poird and information of control device from 1D management server,
or receives 1D of transmitter and information of wireless access point

¥ 7353d
Transmitier connects to wireless access point b

':' L

Transmitter transmits address of server on nebwaork, instruction to
server, and ID of trangmitter o control device

M 7353fF
Control device transmits received 1D Lo receiver

kA el

Control device issues instruction to server on network and obtains
response. Here, control device oparates as proxy server

- 73530

Cantrol device transmits response and received ID from transmitter

indicated by transmitter ID, Transmission may be repeatedly performed untit
reception completion is notified from receiver or predetermined time elapses

py * 7353
LECRIVEY FRURIVES TESpUNSS -
~ P 7353

¥
Receiver transmits received ID to control device
and notifies reception completion

¥ e’ 7383k

In the case where receiver is at position where signal from
transmitter cannot be received, recelver may nolify control
device to return response via wireless access point
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FIG. 3238

7317a
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. 73184

P

FIG. 323C
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FIG. 323D

{ start }

X

US 9,462,173 B2

73578

o
e

association with each other

Store 1D of transmitier, display content ID, and content
displayed on display or projector in ID managemaent server in

7357b

display content

Transmitter displays content on display or projector, and
transmits signal using backlight of display or projection light of
projector. Transmission signal may include 1D of transmitter,
display contant 1D, URL in which display content is stored, and

F

Beceiver recelyes §

ransmission signal

Receiver obtains content displayed on display or
projector by transmitter, based on received signal

k.

¢

/3578

oo
i’
o

-~

In the case where usgr profile ig seb in receiver, receiver oblaing
content suitable for profife. For examiple, receiver obtains subtitle
data or audio content for at hand reproduction in the case where
profiie of hearing mpairment is set, and obiains content for audio
commentary in the case where profile of visual impairment is sat

¥

et $ 35T

sarphoneg, or hearing aid

Hecelver displays obtained image content on display of receiver,
and reproduces obtained sudio content from speaker of receiver,

¥
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FIG. 3288

TN,

\start) 7354a

¥
Detect part in which bright line is
captured, from captured image

. e 73540
Set hand movemesnt correction function to ON
M 7354¢

Switch to special imaging mode A in which imaging is
performed using only pixels of exposure lines in which
bright ling is captured. In spedial imaging mode A,
time from when exposure of one exposure line starts to
when exposure of next exposure line starts is set to be
uniform during imaging time of one image. One or
more pixels in direction perpendicular to exposure lines
may he omitted in imaging. Since the number of
frames output from imaging unit is same as that in
normal imaging mode, special imaging maode A is
suitable for receiver that includes fow-performance
processor or receiver that includes processor also
engaged in other processes

) o
Designate area of imaging in spedal imaging mode, By
designating narrower area than area in which bright line is
captured as area of imaging, it is possible to keep capturing
bright line even when imaging direction changes due to hand
movement or the like

¥ e

Detect movement of captured image. By moving area
of imaging in moving direction, it is possible to kesp
capturing bright line sven when imaging direction
changes

P et

Obtain transmitted information
from pattern of bright ling

1

8,

and |
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Detact part in which bright line s captured, from capiured imayge

¥ e o

Set hand movement correction function to ON

b

Switch to special imaging mode B in which imaging is parformed
using only pixels of exposure lines in which bright line is captured.
In special imaging mode B, imaging is performed at high speed

by subjecting only area in which bright line is captured to imaging.
One or more pixels in direction perpendicular to exposure lines
may be omitted in imaging

h

~ 7355d

Designate area of imaging in special imaging mode.
designating narrower area than area in which bright line is
captured as area of imaging, it is possible to keep capturing
bright line even when imaging direction changes due to hand
movement or the like

':B'y

changes

Detect movement of captured image. By moving are
of imaging in moving direction, it is possible to keep
capturing bright line even when imaging direction

¥

Obtain transmitted information from pattern of bright line

o,
£

@

tai
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FIG, 330B

\ >

;. 4

Detect part in which bright line is captured, from captured image

7356b

Set hand movement correction function to ON

P I

Switch to special imaging mode C in which imaging is performed
using only pixels of exposure lines in which bright line is
captured. In special imaging mode C, imaé:ﬁng is performed
oridy in area in which bright line is captured, and imaging results
are arranged to form one image while ignoring original pixel
positions, One or more pixels in direction perpendicular to
exposurea lines may he omitted in imaging. Since the number of
frames output from Imaging unit is same as that in normal
imaging mode, special imaging mode C is suitable for receiver
that includes low-performance processor or receiver that
includes processor also engaged in other processes

Designate area of imaging in special imaging mode. By
designating narrower area than area in which bright line is
captured as area of imaging, it is possible to keep capturing
bright line even when imaging direction changes due to hand
movement or the like

3 :
Detact movement of captured imags. By moving ares of
imaging in moving direction, it is possible to keep capturing
bright line even whan imaging direction changes

: I ?gﬁéf
Obtain trangmitted information from pattern of bright line
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FIG. 332
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oo

Zoom in and receive signal

FIG. 381
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FIG. 382

(st

. 8101
k. e
Receiver receives signal by lluminance sensor
; - 8102

Receiver obtains information such as position
information from server, based on received signal

, 2~ 8103

Receiver activates image sensor capable of capturing
fight reception direction of flluminance sensor

, - 8104

k
Receiver receives all or part of signal by image
sensor, and determines whether or not signal is same
as signal received by lluminance sensor

Receiver estimates position of receiver, from position

of transmitter in captured image, information from
9-axis sensor, and position information of transmitter

(end)
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FIG. 383

{};{@

Srnny

- 8111

¥

Recelver recognizes periodic change of luminance
from sensor value of Hluminance sensor

8112

Recelver activates image sensor capable of
capturing light reception direction of Hluminance
sensor, and receives signal

&,

(end)
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FIG. 415
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FIG. 419
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FIG. 433
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INFORMATION COMMUNICATION
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/087,665, filed on Nov. 22, 2013, which claims the
benefit of U.S. Provisional Patent Application No. 61/746,
315 filed on Dec. 27, 2012, Japanese Patent Application No.
2012-286339 filed on Dec. 27, 2012, U.S. Provisional Patent
Application No. 61/805,978 filed on Mar. 28, 2013, Japa-
nese Patent Application No. 2013-070740 filed on Mar. 28,
2013, U.S. Provisional Patent Application No. 61/810,291
filed on Apr. 10, 2013 and Japanese Patent Application No.
2013-082546 filed on Apr. 10, 2013, is a Continuation-in
Part of U.S. Non-Provisional patent application Ser. No.
13/902,215 filed on May 24, 2013, is a continuation-in-part
of U.S. Non-Provisional patent application Ser. No. 13/902,
393 filed on May 24, 2013, is a continuation-in-part of U.S.
Non-Provisional patent application Ser. No. 13/902,436 filed
on May 24, 2013, and claims the benefit of International
Patent Application No. PCT/JP2013/003318 filed on May
24, 2013, International Patent Application No. PCT/JP2013/
003319 filed on May 24, 2013, Japanese Patent Application
No. 2013-110445 filed on May 24, 2013, U.S. Provisional
Patent Application No. 61/859,902 filed on Jul. 30, 2013,
Japanese Patent Application No. 2013-158359 filed on Jul.
30, 2013, U.S. Provisional Patent Application No. 61/872,
028 filed on Aug. 30, 2013, Japanese Patent Application No.
2013-180729 filed on Aug. 30, 2013, U.S. Provisional Patent
Application No. 61/895,615 filed on Oct. 25, 2013, Japanese
Patent Application No. 2013-222827 filed on Oct. 25, 2013,
U.S. Provisional Patent Application No. 61/896,879 filed on
Oct. 29, 2013, and Japanese Patent Application No. 2013-
224805 filed on Oct. 29, 2013. The entire disclosures of the
above-identified applications, including the specifications,
drawings and claims are incorporated herein by reference in
their entirety.

FIELD

The present disclosure relates to a method of communi-
cation between a mobile terminal such as a smartphone, a
tablet terminal, or a mobile phone and a home electric
appliance such as an air conditioner, a lighting device, or a
rice cooker.

BACKGROUND

In recent years, a home-electric-appliance cooperation
function has been introduced for a home network, with
which various home electric appliances are connected to a
network by a home energy management system (HEMS)
having a function of managing power usage for addressing
an environmental issue, turning power on/off from outside a
house, and the like, in addition to cooperation of AV home
electric appliances by internet protocol (IP) connection
using Ethernet® or wireless local area network (LAN).
However, there are home electric appliances whose compu-
tational performance is insufficient to have a communication
function, and home electric appliances which do not have a
communication function due to a matter of cost.

In order to solve such a problem, Patent Literature (PTL)
1 discloses a technique of efficiently establishing commu-
nication between devices among limited optical spatial
transmission devices which transmit information to free
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2
space using light, by performing communication using plu-
ral single color light sources of illumination light.

CITATION LIST
Patent Literature

[PTL 1] Japanese Unexamined Patent Application Publi-
cation No. 2002-290335

SUMMARY
Technical Problem

However, the conventional method is limited to a case in
which a device to which the method is applied has three
color light sources such as an illuminator. The present
disclosure solves this problem, and provides an information
communication method that enables communication
between various devices including a device with low com-
putational performance.

Solution to Problem

An information communication method according to an
aspect of the present disclosure is an information commu-
nication method of obtaining information from a subject
using a terminal device that includes an image sensor having
aplurality of exposure lines, the information communication
method including: transmitting, by the terminal device,
position information indicating a position of the terminal
device to a server; obtaining, by the terminal device, one or
more sets of identification information of respective one or
more devices located in a predetermined range including the
position indicated by the position information and one or
more sets of service information respectively associated
with the one or more sets of identification information, from
the server, and holding, by the terminal device, the one or
more sets of identification information and the one or more
sets of service information; setting an exposure time of the
image sensor so that, in an image obtained by capturing the
subject by the image sensor, a bright line corresponding to
each of the plurality of exposure lines included in the image
sensor appears according to a change in luminance of the
subject; obtaining a bright line image including a plurality of
bright lines, by capturing the subject that changes in lumi-
nance by the image sensor with the set exposure time;
obtaining identification information of the subject, by
demodulating data specified by a pattern of the plurality of
bright lines included in the obtained bright line image; and
selecting, by the terminal device, service information asso-
ciated with the identification information of the subject from
the held one or more sets of service information, and
presenting the service information to a user of the terminal
device.

These general and specific aspects may be implemented
using a system, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as
a CD-ROM, or any combination of systems, methods,
integrated circuits, computer programs, or computer-read-
able recording media.

Advantageous Effects
An information communication method disclosed herein

enables communication between various devices including a
device with low computational performance.
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BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
disclosure will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the present
disclosure.

FIG. 1 is a diagram illustrating an example of an obser-
vation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 2 is a diagram illustrating an example of an obser-
vation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 3 is a diagram illustrating an example of an obser-
vation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4A is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4B is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4C is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4D is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4E is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4F is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4G is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 4H is a diagram illustrating an example of an
observation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 41 is a diagram illustrating an example of an obser-
vation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 5 is a diagram illustrating an example of an obser-
vation method of luminance of a light emitting unit in
Embodiment 1.

FIG. 6 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 7 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 8 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 9 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 10 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 11 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 12 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 13 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 14 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 15 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.
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FIG. 16 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 17 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 18 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 19 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 20 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 21 is a diagram illustrating an example of a signal
modulation scheme in Embodiment 1.

FIG. 22 is a diagram illustrating an example of a light
emitting unit detection method in Embodiment 1.

FIG. 23 is a diagram illustrating an example of a light
emitting unit detection method in Embodiment 1.

FIG. 24 is a diagram illustrating an example of a light
emitting unit detection method in Embodiment 1.

FIG. 25 is a diagram illustrating an example of a light
emitting unit detection method in Embodiment 1.

FIG. 26 is a diagram illustrating an example of a light
emitting unit detection method in Embodiment 1.

FIG. 27 is a diagram illustrating transmission signal
timelines and an image obtained by capturing light emitting
units in Embodiment 1.

FIG. 28 is a diagram illustrating an example of signal
transmission using a position pattern in Embodiment 1.

FIG. 29 is a diagram illustrating an example of a reception
device in Embodiment 1.

FIG. 30 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 31 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 32 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 33 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 34 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 35 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 36 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 37 is a diagram illustrating an example of a trans-
mission device in Embodiment 1.

FIG. 38 is a diagram illustrating an example of a structure
of a light emitting unit in Embodiment 1.

FIG. 39 is a diagram illustrating an example of a signal
carrier in Embodiment 1.

FIG. 40 is a diagram illustrating an example of an imaging
unit in Embodiment 1.

FIG. 41 is a diagram illustrating an example of position
estimation of a reception device in Embodiment 1.

FIG. 42 is a diagram illustrating an example of position
estimation of a reception device in Embodiment 1.

FIG. 43 is a diagram illustrating an example of position
estimation of a reception device in Embodiment 1.

FIG. 44 is a diagram illustrating an example of position
estimation of a reception device in Embodiment 1.

FIG. 45 is a diagram illustrating an example of position
estimation of a reception device in Embodiment 1.

FIG. 46 is a diagram illustrating an example of transmis-
sion information setting in Embodiment 1.

FIG. 47 is a diagram illustrating an example of transmis-
sion information setting in Embodiment 1.

FIG. 48 is a diagram illustrating an example of transmis-
sion information setting in Embodiment 1.
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FIG. 49 is a block diagram illustrating an example of
structural elements of a reception device in Embodiment 1.

FIG. 50 is a block diagram illustrating an example of
structural elements of a transmission device in Embodiment
1.

FIG. 51 is a diagram illustrating an example of a reception
procedure in Embodiment 1.

FIG. 52 is a diagram illustrating an example of a self-
position estimation procedure in Embodiment 1.

FIG. 53 is a diagram illustrating an example of a trans-
mission control procedure in Embodiment 1.

FIG. 54 is a diagram illustrating an example of a trans-
mission control procedure in Embodiment 1.

FIG. 55 is a diagram illustrating an example of a trans-
mission control procedure in Embodiment 1.

FIG. 56 is a diagram illustrating an example of informa-
tion provision inside a station in Embodiment 1.

FIG. 57 is a diagram illustrating an example of a passen-
ger service in Embodiment 1.

FIG. 58 is a diagram illustrating an example of an in-store
service in Embodiment 1.

FIG. 59 is a diagram illustrating an example of wireless
connection establishment in Embodiment 1.

FIG. 60 is a diagram illustrating an example of commu-
nication range adjustment in Embodiment 1.

FIG. 61 is a diagram illustrating an example of indoor use
in Embodiment 1.

FIG. 62 is a diagram illustrating an example of outdoor
use in Embodiment 1.

FIG. 63 is a diagram illustrating an example of route
indication in Embodiment 1.

FIG. 64 is a diagram illustrating an example of use of a
plurality of imaging devices in Embodiment 1.

FIG. 65 is a diagram illustrating an example of transmis-
sion device autonomous control in Embodiment 1.

FIG. 66 is a diagram illustrating an example of transmis-
sion information setting in Embodiment 1.

FIG. 67 is a diagram illustrating an example of transmis-
sion information setting in Embodiment 1.

FIG. 68 is a diagram illustrating an example of transmis-
sion information setting in Embodiment 1.

FIG. 69 is a diagram illustrating an example of combi-
nation with 2D barcode in Embodiment 1.

FIG. 70 is a diagram illustrating an example of map
generation and use in Embodiment 1.

FIG. 71 is a diagram illustrating an example of electronic
device state obtainment and operation in Embodiment 1.

FIG. 72 is a diagram illustrating an example of electronic
device recognition in Embodiment 1.

FIG. 73 is a diagram illustrating an example of augmented
reality object display in Embodiment 1.

FIG. 74 is a diagram illustrating an
interface in Embodiment 1.

FIG. 75 is a diagram illustrating an
interface in Embodiment 1.

FIG. 76 is a diagram illustrating an
interface in Embodiment 1.

FIG. 77 is a diagram illustrating an
interface in Embodiment 1.

FIG. 78 is a diagram illustrating an
interface in Embodiment 1.

FIG. 79 is a diagram illustrating an
interface in Embodiment 1.

FIG. 80 is a diagram illustrating an
interface in Embodiment 1.

FIG. 81 is a diagram illustrating an
interface in Embodiment 1.
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FIG. 82 is a diagram illustrating an
interface in Embodiment 1.

FIG. 83 is a diagram illustrating an
interface in Embodiment 1.

FIG. 84 is a diagram illustrating an
interface in Embodiment 1.

FIG. 85 is a diagram illustrating an
interface in Embodiment 1.

FIG. 86 is a diagram illustrating an
interface in Embodiment 1.

FIG. 87 is a diagram illustrating an
interface in Embodiment 1.

FIG. 88 is a diagram illustrating an
interface in Embodiment 1.

FIG. 89 is a diagram illustrating an
interface in Embodiment 1.

FIG. 90 is a diagram illustrating an
interface in Embodiment 1.

FIG. 91 is a diagram illustrating an example of application
to ITS in Embodiment 2.

FIG. 92 is a diagram illustrating an example of application
to ITS in Embodiment 2.

FIG. 93 is a diagram illustrating an example of application
to a position information reporting system and a facility
system in Embodiment 2.

FIG. 94 is a diagram illustrating an example of application
to a supermarket system in Embodiment 2.

FIG. 95 is a diagram illustrating an example of application
to communication between a mobile phone terminal and a
camera in Embodiment 2.

FIG. 96 is a diagram illustrating an example of application
to underwater communication in Embodiment 2.

FIG. 97 is a diagram for describing an example of service
provision to a user in Embodiment 3.

FIG. 98 is a diagram for describing an example of service
provision to a user in Embodiment 3.

FIG. 99 is a flowchart illustrating the case where a
receiver simultaneously processes a plurality of signals
received from transmitters in Embodiment 3.

FIG. 100 is a diagram illustrating an example of the case
of realizing inter-device communication by two-way com-
munication in Embodiment 3.

FIG. 101 is a diagram for describing a service using
directivity characteristics in Embodiment 3.

FIG. 102 is a diagram for describing another example of
service provision to a user in Embodiment 3.

FIG. 103 is a diagram illustrating a format example of a
signal included in a light source emitted from a transmitter
in Embodiment 3.

FIG. 104 is a diagram illustrating a principle in Embodi-
ment 4.

FIG. 105 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 106 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 107 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 108 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 109A is a diagram illustrating an example of opera-
tion in Embodiment 4.

FIG. 109B is a diagram illustrating an example of opera-
tion in Embodiment 4.

FIG. 109C is a diagram illustrating an example of opera-
tion in Embodiment 4.

FIG. 110 is a diagram illustrating an example of operation
in Embodiment 4.
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example of a user
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FIG. 111 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 112 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 113 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 114 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 115 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 116 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 117 is a diagram illustrating an example of operation
in Embodiment 4.

FIG. 118 is a timing diagram of a transmission signal in
an information communication device in Embodiment 5.

FIG. 119 is a diagram illustrating relations between a
transmission signal and a reception signal in Embodiment 5.

FIG. 120 is a diagram illustrating relations between a
transmission signal and a reception signal in Embodiment 5.

FIG. 121 is a diagram illustrating relations between a
transmission signal and a reception signal in Embodiment 5.

FIG. 122 is a diagram illustrating relations between a
transmission signal and a reception signal in Embodiment 5.

FIG. 123 is a diagram illustrating relations between a
transmission signal and a reception signal in Embodiment 5.

FIG. 124 is a diagram illustrating an example of an
environment in a house in Embodiment 6.

FIG. 125 is a diagram illustrating an example of commu-
nication between a smartphone and home electric appliances
according to Embodiment 6.

FIG. 126 is a diagram illustrating an example of a
configuration of a transmitter device according to Embodi-
ment 6.

FIG. 127 is a diagram illustrating an example of a
configuration of a receiver device according to Embodiment
6.

FIG. 128 is a diagram illustrating a flow of processing of
transmitting information to the receiver device by blinking
an LED of the transmitter device according to Embodiment
6.

FIG. 129 is a diagram illustrating a flow of processing of
transmitting information to the receiver device by blinking
an LED of the transmitter device according to Embodiment
6.

FIG. 130 is a diagram illustrating a flow of processing of
transmitting information to the receiver device by blinking
an LED of the transmitter device according to Embodiment
6.

FIG. 131 is a diagram illustrating a flow of processing of
transmitting information to the receiver device by blinking
an LED of the transmitter device according to Embodiment
6.

FIG. 132 is a diagram illustrating a flow of processing of
transmitting information to the receiver device by blinking
an LED of the transmitter device according to Embodiment
6.

FIG. 133 is a diagram for describing a procedure of
performing communication between a user and a device
using visible light according to Embodiment 7.

FIG. 134 is a diagram for describing a procedure of
performing communication between the user and the device
using visible light according to Embodiment 7.

FIG. 135 is a diagram for describing a procedure from
when a user purchases a device until when the user makes
initial settings of the device according to Embodiment 7.
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FIG. 136 is a diagram for describing service exclusively
performed by a serviceman when a device fails according to
Embodiment 7.

FIG. 137 is a diagram for describing service for checking
a cleaning state using a cleaner and visible light communi-
cation according to Embodiment 7.

FIG. 138 is a schematic diagram of home delivery service
support using optical communication according to Embodi-
ment 8.

FIG. 139 is a flowchart for describing home delivery
service support using optical communication according to
Embodiment 8.

FIG. 140 is a flowchart for describing home delivery
service support using optical communication according to
Embodiment 8.

FIG. 141 is a flowchart for describing home delivery
service support using optical communication according to
Embodiment 8.

FIG. 142 is a flowchart for describing home delivery
service support using optical communication according to
Embodiment 8.

FIG. 143 is a flowchart for describing home delivery
service support using optical communication according to
Embodiment 8.

FIG. 144 is a flowchart for describing home delivery
service support using optical communication according to
Embodiment 8.

FIG. 145 is a diagram for describing processing of reg-
istering a user and a mobile phone in use to a server
according to Embodiment 9.

FIG. 146 is a diagram for describing processing of ana-
lyzing user voice characteristics according to Embodiment
9.

FIG. 147 is a diagram for describing processing of pre-
paring sound recognition processing according to Embodi-
ment 9.

FIG. 148 is a diagram for describing processing of col-
lecting sound by a sound collecting device in the vicinity
according to Embodiment 9.

FIG. 149 is a diagram for describing processing of ana-
lyzing environmental sound characteristics according to
Embodiment 9.

FIG. 150 is a diagram for describing processing of can-
celing sound from a sound output device which is present in
the vicinity according to Embodiment 9.

FIG. 151 is a diagram for describing processing of select-
ing what to cook and setting detailed operation of a micro-
wave according to Embodiment 9.

FIG. 152 is a diagram for describing processing of obtain-
ing notification sound for the microwave from a DB of a
server, for instance, and setting the sound in the microwave
according to Embodiment 9.

FIG. 153 is a diagram for describing processing of adjust-
ing notification sound of the microwave according to
Embodiment 9.

FIG. 154 is a diagram illustrating examples of waveforms
of notification sounds set in the microwave according to
Embodiment 9.

FIG. 155 is a diagram for describing processing of dis-
playing details of cooking according to Embodiment 9.

FIG. 156 is a diagram for describing processing of rec-
ognizing notification sound of the microwave according to
Embodiment 9.

FIG. 157 is a diagram for describing processing of col-
lecting sound by a sound collecting device in the vicinity and
recognizing notification sound of the microwave according
to Embodiment 9.
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FIG. 158 is a diagram for describing processing of noti-
fying a user of the end of operation of the microwave
according to Embodiment 9.

FIG. 159 is a diagram for describing processing of check-
ing an operation state of a mobile phone according to
Embodiment 9.

FIG. 160 is a diagram for describing processing of track-
ing a user position according to Embodiment 9.

FIG. 161 is a diagram illustrating that while canceling
sound from a sound output device, notification sound of a
home electric appliance is recognized, an electronic device
which can communicate is caused to recognize a current
position of a user (operator), and based on the recognition
result of the user position, a device located near the user
position is caused to give a notification to the user.

FIG. 162 is a diagram illustrating content of a database
held in the server, the mobile phone, or the microwave
according to Embodiment 9.

FIG. 163 is a diagram illustrating that a user cooks based
on cooking processes displayed on a mobile phone, and
further operates the display content of the mobile phone by
saying “next”, “return”, and others, according to Embodi-
ment 9.

FIG. 164 is a diagram illustrating that the user has moved
to another place while he/she is waiting until the operation
of the microwave ends after starting the operation or while
he/she is stewing food according to Embodiment 9.

FIG. 165 is a diagram illustrating that a mobile phone
transmits an instruction to detect a user to a device which is
connected to the mobile phone via a network, and can
recognize a position of the user and the presence of the user,
such as a camera, a microphone, or a human sensing sensor.

FIG. 166 is a diagram illustrating that a user face is
recognized using a camera included in a television, and
further the movement and presence of the user are recog-
nized using a human sensing sensor of an air-conditioner, as
an example of user detection according to Embodiment 9.

FIG. 167 is a diagram illustrating that devices which have
detected the user transmit to the mobile phone the detection
of the user and a relative position of the user to the devices
which have detected the user.

FIG. 168 is a diagram illustrating that the mobile phone
recognizes microwave operation end sound according to
Embodiment 9.

FIG. 169 is a diagram illustrating that the mobile phone
which has recognized the end of the operation of the
microwave transmits an instruction to, among the devices
which have detected the user, a device having a screen-
display function and a sound output function to notify the
user of the end of the microwave operation.

FIG. 170 is a diagram illustrating that the device which
has received an instruction notifies the user of the details of
the notification.

FIG. 171 is a diagram illustrating that a device which is
present near the microwave, is connected to the mobile
phone via a network, and includes a microphone recognizes
the microwave operation end sound.

FIG. 172 is a diagram illustrating that the device which
has recognized the end of operation of the microwave
notifies the mobile phone thereof.

FIG. 173 is a diagram illustrating that if the mobile phone
is near the user when the mobile phone receives the notifi-
cation indicating the end of the operation of the microwave,
the user is notified of the end of the operation of the
microwave, using screen display, sound output, and the like
by the mobile phone.
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FIG. 174 is a diagram illustrating that the user is notified
of the end of the operation of the microwave.

FIG. 175 is a diagram illustrating that the user who has
received the notification indicating the end of the operation
of the microwave moves to a kitchen.

FIG. 176 is a diagram illustrating that the microwave
transmits information such as the end of operation to the
mobile phone by wireless communication, the mobile phone
gives a notification instruction to the television which the
user is watching, and the user is notified by a screen display
and sound of the television.

FIG. 177 is a diagram illustrating that the microwave
transmits information such as the end of operation to the
television which the user is watching by wireless commu-
nication, and the user is notified thereof using the screen
display and sound of the television.

FIG. 178 is a diagram illustrating that the user is notified
by the screen display and sound of the television.

FIG. 179 is a diagram illustrating that a user who is at a
remote place is notified of information.

FIG. 180 is a diagram illustrating that if the microwave
cannot directly communicate with the mobile phone serving
as a hub, the microwave transmits information to the mobile
phone via a personal computer, for instance.

FIG. 181 is a diagram illustrating that the mobile phone
which has received communication in FIG. 180 transmits
information such as an operation instruction to the micro-
wave, following the information-and-communication path
in an opposite direction.

FIG. 182 is a diagram illustrating that in the case where
the air-conditioner which is an information source device
cannot directly communicate with the mobile phone serving
as a hub, the air-conditioner notifies the user of information.

FIG. 183 is a diagram for describing a system utilizing a
communication device which uses a 700 to 900 MHz radio
wave.

FIG. 184 is a diagram illustrating that a mobile phone at
a remote place notifies a user of information.

FIG. 185 is a diagram illustrating that the mobile phone
at a remote place notifies the user of information.

FIG. 186 is a diagram illustrating that in a similar case to
that of FIG. 185, a television on the second floor serves as
a relay device instead of a device which relays communi-
cation between a notification recognition device and an
information notification device.

FIG. 187 is a diagram illustrating an example of an
environment in a house in Embodiment 10.

FIG. 188 is a diagram illustrating an example of commu-
nication between a smartphone and home electric appliances
according to Embodiment 10.

FIG. 189 is a diagram illustrating a configuration of a
transmitter device according to Embodiment 10.

FIG. 190 is a diagram illustrating a configuration of a
receiver device according to Embodiment 10.

FIG. 191 is a sequence diagram for when a transmitter
terminal (TV) performs wireless LAN authentication with a
receiver terminal (tablet terminal), using optical communi-
cation in FIG. 187.

FIG. 192 is a sequence diagram for when authentication
is performed using an application according to Embodiment
10.

FIG. 193 is a flowchart illustrating operation of the
transmitter terminal according to Embodiment 10.

FIG. 194 is a flowchart illustrating operation of the
receiver terminal according to Embodiment 10.
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FIG. 195 is a sequence diagram in which a mobile AV
terminal 1 transmits data to a mobile AV terminal 2 accord-
ing to Embodiment 11.

FIG. 196 is a diagram illustrating a screen changed when
the mobile AV terminal 1 transmits data to the mobile AV
terminal 2 according to Embodiment 11.

FIG. 197 is a diagram illustrating a screen changed when
the mobile AV terminal 1 transmits data to the mobile AV
terminal 2 according to Embodiment 11.

FIG. 198 is a system outline diagram for when the mobile
AV terminal 1 is a digital camera according to Embodiment
11.

FIG. 199 is a system outline diagram for when the mobile
AV terminal 1 is a digital camera according to Embodiment
11.

FIG. 200 is a system outline diagram for when the mobile
AV terminal 1 is a digital camera according to Embodiment
11.

FIG. 201 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 202 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 203 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 204 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 205 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 206 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 207 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 208 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 209 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 210 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 211 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 212 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 213 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 214 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 215 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 216 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 217 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 218 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 219 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 220 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.
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FIG. 221 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 222 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 223 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 224 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 225 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 226 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 227 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 228 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 229 is a diagram illustrating a state of a receiver in
Embodiment 12.

FIG. 230 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 231 is a diagram illustrating a state of a receiver in
Embodiment 12.

FIG. 232 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 233 is a diagram illustrating a state of a receiver in
Embodiment 12.

FIG. 234 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 235 is a diagram illustrating a state of a receiver in
Embodiment 12.

FIG. 236 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 237 is a diagram illustrating a state of a receiver in
Embodiment 12.

FIG. 238 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 239 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 240 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 241 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 242 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 243 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 244 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 245 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 246 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 247 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 248 is a diagram illustrating a luminance change of
a transmitter in Embodiment 12.

FIG. 249 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 250 is a diagram illustrating a luminance change of
a transmitter in Embodiment 12.



US 9,462,173 B2

13

FIG. 251 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 252 is a diagram illustrating a luminance change of
a transmitter in Embodiment 12.

FIG. 253 is a flowchart illustrating an example of pro-
cessing operation of a transmitter in Embodiment 12.

FIG. 254 is a diagram illustrating a luminance change of
a transmitter in Embodiment 12.

FIG. 255 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 256 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 257 is a flowchart illustrating an example of pro-
cessing operation of a transmitter in Embodiment 12.

FIG. 258 is a diagram illustrating an example of a
structure of a transmitter in Embodiment 12.

FIG. 259 is a diagram illustrating an example of a
structure of a transmitter in Embodiment 12.

FIG. 260 is a diagram illustrating an example of a
structure of a transmitter in Embodiment 12.

FIG. 261 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 262 is a diagram illustrating an example of display
and imaging by a receiver and a transmitter in Embodiment
12.

FIG. 263 is a flowchart illustrating an example of pro-
cessing operation of a transmitter in Embodiment 12.

FIG. 264 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 265 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 266 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 267 is a diagram illustrating a state of a receiver in
Embodiment 12.

FIG. 268 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 269 is a diagram illustrating a state of a receiver in
Embodiment 12.

FIG. 270 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 271 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 272 is a diagram illustrating an example of a
wavelength of a transmitter in Embodiment 12.

FIG. 273 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 274 is a diagram illustrating an example of a
structure of a system including a receiver and a transmitter
in Embodiment 12.

FIG. 275 is a flowchart illustrating an example of pro-
cessing operation of a system in Embodiment 12.

FIG. 276 is a diagram illustrating an example of a
structure of a system including a receiver and a transmitter
in Embodiment 12.

FIG. 277 is a flowchart illustrating an example of pro-
cessing operation of a system in Embodiment 12.

FIG. 278 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 279 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 280 is a diagram illustrating an example of a
structure of a system including a receiver and a transmitter
in Embodiment 12.
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FIG. 281 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 282 is a diagram illustrating an example of appli-
cation of a receiver and a transmitter in Embodiment 12.

FIG. 283 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 284 is a diagram illustrating an example of a
structure of a system including a receiver and a transmitter
in Embodiment 12.

FIG. 285 is a flowchart illustrating an example of pro-
cessing operation of a system in Embodiment 12.

FIG. 286 is a flowchart illustrating an example of pro-
cessing operation of a receiver in Embodiment 12.

FIG. 287A is a diagram illustrating an example of a
structure of a transmitter in Embodiment 12.

FIG. 2878 is a diagram illustrating another example of a
structure of a transmitter in Embodiment 12.

FIG. 288 is a flowchart illustrating an example of pro-
cessing operation of a receiver and a transmitter in Embodi-
ment 12.

FIG. 289 is a flowchart illustrating an example of pro-
cessing operation relating to a receiver and a transmitter in
Embodiment 13.

FIG. 290 is a flowchart illustrating an example of pro-
cessing operation relating to a receiver and a transmitter in
Embodiment 13.

FIG. 291 is a flowchart illustrating an example of pro-
cessing operation relating to a receiver and a transmitter in
Embodiment 13.

FIG. 292 is a flowchart illustrating an example of pro-
cessing operation relating to a receiver and a transmitter in
Embodiment 13.

FIG. 293 is a flowchart illustrating an example of pro-
cessing operation relating to a receiver and a transmitter in
Embodiment 13.

FIG. 294 is a diagram illustrating an example of appli-
cation of a transmitter in Embodiment 13.

FIG. 295 is a diagram illustrating an example of appli-
cation of a transmitter in Embodiment 13.

FIG. 296 is a diagram illustrating an example of appli-
cation of a transmitter in Embodiment 13.

FIG. 297 is a diagram illustrating an example of appli-
cation of a transmitter and a receiver in Embodiment 13.

FIG. 298 is a diagram illustrating an example of appli-
cation of a transmitter and a receiver in Embodiment 13.

FIG. 299 is a diagram illustrating an example of appli-
cation of a transmitter and a receiver in Embodiment 13.

FIG. 300 is a diagram illustrating an example of appli-
cation of a transmitter and a receiver in Embodiment 13.

FIG. 301A is a diagram illustrating an example of a
transmission signal in Embodiment 13.

FIG. 301B is a diagram illustrating another example of a
transmission signal in Embodiment 13.

FIG. 302 is a diagram illustrating an example of a
transmission signal in Embodiment 13.

FIG. 303A is a diagram illustrating an example of a
transmission signal in Embodiment 13.

FIG. 303B is a diagram illustrating another example of a
transmission signal in Embodiment 13.

FIG. 304 is a diagram illustrating an example of a
transmission signal in Embodiment 13.

FIG. 305A is a diagram illustrating an example of a
transmission signal in Embodiment 13.

FIG. 305B is a diagram illustrating an example of a
transmission signal in Embodiment 13.

FIG. 306 is a diagram illustrating an example of appli-
cation of a transmitter in Embodiment 13.
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FIG. 307 is a diagram illustrating an example of appli-
cation of a transmitter in Embodiment 13.

FIG. 308 is a diagram for describing an imaging element
in Embodiment 13.

FIG. 309 is a diagram for describing an imaging element
in Embodiment 13.

FIG. 310 is a diagram for describing an imaging element
in Embodiment 13.

FIG. 311A is a flowchart illustrating processing operation
of a reception device (imaging device) in a variation of each
embodiment.

FIG. 311B is a diagram illustrating a normal imaging
mode and a macro imaging mode in a variation of each
embodiment in comparison.

FIG. 312 is a diagram illustrating a display device for
displaying video and the like in a variation of each embodi-
ment.

FIG. 313 is a diagram illustrating an example of process-
ing operation of a display device in a variation of each
embodiment.

FIG. 314 is a diagram illustrating an example of a part
transmitting a signal in a display device in a variation of
each embodiment.

FIG. 315 is a diagram illustrating another example of
processing operation of a display device in a variation of
each embodiment.

FIG. 316 is a diagram illustrating another example of a
part transmitting a signal in a display device in a variation
of each embodiment.

FIG. 317 is a diagram illustrating yet another example of
processing operation of a display device in a variation of
each embodiment.

FIG. 318 is a diagram illustrating a structure of a com-
munication system including a transmitter and a receiver in
a variation of each embodiment.

FIG. 319 is a flowchart illustrating processing operation
of a communication system in a variation of each embodi-
ment.

FIG. 320 is a diagram illustrating an example of signal
transmission in a variation of each embodiment.

FIG. 321 is a diagram illustrating an example of signal
transmission in a variation of each embodiment.

FIG. 322 is a diagram illustrating an example of signal
transmission in a variation of each embodiment.

FIG. 323A is a diagram illustrating an example of signal
transmission in a variation of each embodiment.

FIG. 323B is a diagram illustrating an example of signal
transmission in a variation of each embodiment.

FIG. 323C is a diagram illustrating an example of signal
transmission in a variation of each embodiment.

FIG. 323D is a flowchart illustrating processing operation
of a communication system including a receiver and a
display or a projector in a variation of each embodiment.

FIG. 324 is a diagram illustrating an example of a
transmission signal in a variation of each embodiment.

FIG. 325 is a diagram illustrating an example of a
transmission signal in a variation of each embodiment.

FIG. 326 is a diagram illustrating an example of a
transmission signal in a variation of each embodiment.

FIG. 327A is a diagram illustrating an example of an
imaging element of a receiver in a variation of each embodi-
ment.

FIG. 327B is a diagram illustrating an example of a
structure of an internal circuit of an imaging device of a
receiver in a variation of each embodiment.

FIG. 327C is a diagram illustrating an example of a
transmission signal in a variation of each embodiment.
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FIG. 327D is a diagram illustrating an example of a
transmission signal in a variation of each embodiment.

FIG. 328A is a diagram for describing an imaging mode
of a receiver in a variation of each embodiment.

FIG. 328B is a flowchart illustrating processing operation
of a receiver using a special imaging mode A in a variation
of each embodiment.

FIG. 329A is a diagram for describing another imaging
mode of a receiver in a variation of each embodiment.

FIG. 329B is a flowchart illustrating processing operation
of a receiver using a special imaging mode B in a variation
of each embodiment.

FIG. 330A is a diagram for describing yet another imag-
ing mode of a receiver in a variation of each embodiment.

FIG. 330B is a flowchart illustrating processing operation
of a receiver using a special imaging mode C in a variation
of each embodiment.

FIG. 331A is a flowchart of an information communica-
tion method according to an aspect of the present disclosure.

FIG. 331B is a block diagram of an information commu-
nication device according to an aspect of the present dis-
closure.

FIG. 331C is a flowchart of an information communica-
tion method according to an aspect of the present disclosure.

FIG. 331D is a block diagram of an information commu-
nication device according to an aspect of the present dis-
closure.

FIG. 332 is a diagram illustrating an example of an image
obtained by an information communication method accord-
ing to an aspect of the present disclosure.

FIG. 333A is a flowchart of an information communica-
tion method according to another aspect of the present
disclosure.

FIG. 333B is a block diagram of an information commu-
nication device according to another aspect of the present
disclosure.

FIG. 334A is a flowchart of an information communica-
tion method according to yet another aspect of the present
disclosure.

FIG. 334B is a block diagram of an information commu-
nication device according to yet another aspect of the
present disclosure.

FIG. 335 is a diagram illustrating an example of each
mode of a receiver in Embodiment 14.

FIG. 336 is a diagram illustrating an example of imaging
operation of a receiver in Embodiment 14.

FIG. 337 is a diagram illustrating another example of
imaging operation of a receiver in Embodiment 14.

FIG. 338A is a diagram illustrating another example of
imaging operation of a receiver in Embodiment 14.

FIG. 338B is a diagram illustrating another example of
imaging operat